The stability and sedimentation behaviour of sterically-stabilized temperature-sensitive colloidal particles has been investigated as a function of temperature and electrolyte concentration via an analytical centrifugation technique, the LUMiSizer®. The technique builds a steady particle bed at low centrifugal acceleration (~145 g), that is subsequently assessed in terms of network strength as the centrifugal field is increased up to~2325 g. Stable particle dispersions produce a smooth constant profile irrespective of applied force, whilst aggregated dispersions show a stepwise compression profile with increasing force. The extent of bed compression, which correlates to 10 the degree of particle aggregation, is more prominent at high electrolyte concentrations and temperatures. This is due to the dehydration of the steric stabilising layer and/or electrical double layer screening effects, which induce greater instability in the particles. Equilibrium compressive yield stress, P y (ø eq ), has been used to characterise the bed compression responses. P y (ø eq ) shows a power-law dependency on the particle volume fraction, with a denser bed produced at lower electrolyte concentrations at a given centrifugal force. P y (ø eq ) analysis has also assisted in describing the differences in particle structure as a function of thermal stability of the colloidal particles (i.e.
Introduction
Colloidal stability is vital in various industries and associated products, such as paints, inks, foodstuff, skincare, pesticides, electrophoretic displays and others. This is driven by the need to 20 maintain consistent product properties, which can be in terms of formulation behavior (e.g. rheology, electrical response, deposition structures, etc.) and/or formulation appeal (e.g. aesthetics, texture, shelf life, etc.). Colloidal stability is governed by the interactions between particles in dispersion, as determined 25 by the balance of the attractive van der Waals forces and any repulsive forces (e.g. electrostatic and/or steric repulsion) acting on the particles. 1, 2 Without sufficient stabilization, the particles will aggregate rapidly and this can be irreversible if any externally applied separation force (e.g. in stirring, sonication, 30 etc.) is smaller than the attractive forces holding the aggregates together. Further aggregation can lead to separation through macroscopic sedimentation of the particles, resulting in unusable colloidal dispersions.
Colloidal stability is often an intricate balance in real systems 35 because of the formulation complexity in commercial dispersions. Typically, these contain more than one colloidal component (e.g. organic pigments, oxide nanoparticles, polymeric thickeners, microcapsules, etc.) and include a range of other additives, such as volatile actives, electrolyte, viscosity modifier, humectant 40 amongst others. This makes the formulation of a stable colloidal dispersion laborious and it can also be difficult to judge the colloidal stability in the early formulation stages without performing lengthy 'stability' experiments. There are two main techniques that have been generally employed to study the 45 stability of colloidal dispersions, 3, 4, 5 (i) light scattering and (ii) turbidity measurements. Both techniques have their drawbacks: light scattering relies on the dilution of dispersions to very low concentrations, which may alter the aggregation behavior 6,7 while turbidity measurements can take long times, particularly for 50 systems with small particles and/or small density differences between the particles and suspending medium. 8 Recently, an analytical multi-sample centrifugation technique, the LUMiSizer®, has been used to characterize the stability of colloidal dispersions for early formulation stability tests within 55 shorter timescales. 9 Reports using this accelerated characterization technique have explored the effects of electrolyte, 9 polymer concentration 10, 11, 12 and preparation techniques 13 on the colloidal stability of a range of particles (e.g. silica, 9, 10, 11 cellulose, 9 calcium carbonate, 10 organic pigments, 13 60 composites, 12 etc.). Through observation of the particle front as sedimentation occurs, and the speed of this front movement, it is possible to characterize the quality of colloidal dispersions (aggregated or stable) and determine the optimum formulation and/or preparation protocol.
An extension to the analytical centrifugation technique is the characterization of particle beds formed from the step-wise application of a centrifugal force onto colloidal dispersions. This was first demonstrated by Buscall, 14 who subsequently developed the theory behind compressive rheology with White. 15 The 70 compressive yield stress, P y (ø), which is used to characterize the strength of a compressed particle bed, has been found to be dependent on the shear history during the aggregation process, the strength of inter-particle interaction forces, and the local volume concentration of particles. A review by Scales et al. 16 has 75 illustrated the use of compressive rheology to deduce both the compressibility and permeability of particle networks (using, for analytical centrifugation technique to investigate the effects of electrolyte concentration and temperature on the stability of dispersions of a sterically-stabilized colloid. The steric stabilizer of choice here is a poly(ethylene glycol)-based polymer, which is known to be responsive to both temperature and addition of 10 electrolytes. 21, 22 Of particular interest is the influence of interparticle interactions between sterically-stabilized particles on the quality of the colloidal dispersions and the network strength of the particle beds formed.
Materials and methods
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Materials
Styrene (≥ 99%, Sigma-Aldrich) was vacuum distilled at 40°C before use to remove the inhibitor. The following chemicals were used as received; azobisisobutyronitrile (AIBN) (Camida Ltd), methanol (≥ 99.9%, Sigma-Aldrich), ethanol (99.8+%, Fisher 20 Scientific) and potassium chloride (KCl) (≥ 99%, SigmaAldrich). The polymeric stabilizer, methoxypolyethylene glycol methacrylate (PEGMA) with molecular weight (MW)2 080 g/mol, was kindly donated by IMCD UK Ltd as 50% aqueous solution and used as received. 10 and 100 mM 25 hydrochloric acid (HCl) (32%, Sigma-Aldrich) and potassium hydroxide (KOH) (90+%, Sigma-Aldrich) solutions were used to adjust the pH of the samples when required. Millipore water (18.2 MΩ.cm) was used in all sample preparation. 
Particle dispersion synthesis
The sterically-stabilized polystyrene particles were synthesized in-house according to the method of Fujii et al. 23 The procedures are described briefly in the following. 45.0 mL methanol and 4.75 mL Millipore water were added into a 100 mL three-neck 35 round-bottom flask. 0.50 g PEGMA stabilizer was stirred with a magnetic stirrer bar into 90:10 (v/v) methanol/water. The mixture was degassed with nitrogen gas for 30 mins and maintained under a nitrogen atmosphere. Subsequently, the mixture was heated to 70°C. Once temperature equilibration was reached, a mixture of 40 5.0 g styrene and 0.05 g AIBN was injected dropwise into the reaction flask. The polymerization was allowed to proceed for 24 hours under nitrogen at 300 rpm. A milky white colloidal dispersion was obtained at the end. The dispersion was filtered through glass wool and cleaned via 3 cycles of centrifugation and 45 re-dispersion to obtain a final colloidal dispersion of PEGMAstabilized polystyrene particles in Millipore water.
Particle characterisation
Size and electrophoretic mobility measurements
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The polystyrene particles were sized by dynamic light scattering using a Zetasizer Nano ZS (Malvern Instruments Ltd). The particles, diluted to 0.02% in 1.5 mL Millipore water or KCl solution, were measured three times at 25°C with each measurement taken as an average of ten runs. The electrophoretic 55 mobility of the particles was also measured with Zetasizer Nano ZS in a disposable capillary cell. The particles were diluted to 0.02% in 1.0 mL Millipore water or KCl solution. Three measurements were made with each measurement taken as an average of fifty runs. For temperature-dependent sizing and 60 mobility measurements between 25 to 70°C, a temperature increment of 5°C for each measurement was applied and the sample was allowed to equilibrate for 3 mins prior to measurement. For pH-dependent mobility measurements, the samples were measured immediately after pH adjustment. 
Scanning electron microscopy (SEM)
50 µL of 0.2% particle dispersion in ethanol was deposited onto a glass slide, pre-adhered to a SEM stub, and air-dried overnight. The sample was then sputter-coated with platinum at 10 nm 
Centrifugal sedimentation
The centrifugal sedimentation experiments were carried out in a LUMiSizer ® 611 (L.U.M. GmbH). The analytical centrifugation technique is based on the measurement of transmitted light intensity as a function of time and position over the sample 80 length. The particle concentration within the sample is given by the transmission profiles (whereby low concentration is represented by high transmission, and vice versa). 400 µL of 5.0 vol% colloidal dispersion was transferred into a 2.0 mm optical path length Polycarbonate (PC) disposable cell. Up to 85 12 samples were analyzed simultaneously after temperature equilibration. The colloidal dispersions were allowed to form an initial packed bed at 1000 rpm (~145 ×g) for 8 hours. During this period, the transmission profile was collected every 10 mins. Subsequently the centrifugal field was increased by 500 rpm 90 every 68 mins up to 4000 rpm (~2325 ×g), with the transmission profiles collected every 2 mins during the speed ramping. The determination of compressive yield stress, P y (ø), is based on the approach of Buscall and White. 15 Under a constant centrifugal field, the particle dispersion is expected to settle over time to form a bed of sediment with defined height. The initial rate of change of the sediment height, dH/dt, is given in Equation 1.
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Where ø 0 is the initial (uniform) volume fraction of particle dispersion, r(ø 0 ) is the volume fraction dependent hindered 105 settling factor, u 0 is the sedimentation rate of an isolated particle, P y (ø 0 ) is the compressive yield stress when volume fraction of particle dispersion is ø 0 , ∆ρ is the density difference between particle and liquid, g is the centrifugal acceleration at the bottom of the bed and H 0 is the initial sediment height. r(ø 0 ) accounts for the increase in hydrodynamic interactions between particles with an increase in the particle concentration due to sedimentation, in this case. Increased concentration leads 5 to a deviation from Stokes free settling regime and r(ø) → 1 as ø → 0 and r(ø) → ∞ as ø → 1. 15, 16 This means when the particle concentration is low, i.e. ø → 0, particles are unaffected by any neighbors and thus r(ø) → 1. However, when the particle concentration increases, i.e. ø → 1, the settling velocity is 10 affected by hydrodynamic interactions between particles and this results in an exponential increase for r(ø), i.e. r(ø) → ∞. This upper limit is only theoretical, as in practice the maximum achievable close packed concentration is 0.64, which represents the close packing of random monodisperse hard spheres. is provided in the Supplementary Information -S1.)
At equilibrium, P y (ø eq )
During the sediment bed preparation stage, whereby a constant 25 centrifugal field is applied for 8 hours at 1000 rpm (~145g), the particle dispersion settles over time to form a bed of sediment with defined height. The sediment height is a result of the force balance between the compressive forces (induced by centrifugal acceleration) with the strength of the formed particle network i.e. 30 the compressive yield stress at equilibrium, P y (ø eq ). The sediment height will change with increasing centrifugal acceleration, the amount of change depending on the structure of the particle network and it strength.
Once the particle bed has achieved equilibrium, the 35 compressive yield stress, P y (ø eq ), at each (increasing) applied centrifugation force, can be determined by using the mean value approximation theorem according to Equations 2 and 3.
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Where P y (ø eq ) is the compressive yield stress at equilibrium, ø 0 and ø eq are the initial and equilibrium volume fraction of particle 45 dispersions respectively, ∆ρ is the density difference between particle and liquid, g is the centrifugal acceleration at the bottom of the bed, H 0 and H eq are the initial and equilibrium sediment heights respectively and L is the radial distance from centrifuge center to bottom of bed. Figure 1 presents a schematic of the 50 experiment setup for centrifugal sedimentation. 24 and this characteristic has been utilised 70 by Fu et al. 25 to synthesise particles from copolymers of diisocyanate and poly(ethylene glycol) (PEG). In both cases, the critical temperature was observed to fall between 25 and 45°C depending on the PEG molecular weight (526 < MW < 2000). This is consistent with our work, where a decrease in PEGMA 75 shell thickness was first observed at around 45°C ( Figure 2b ). Below 45°C, the polymeric stabilizer is extended into a good solvent providing efficient steric stabilization and stable monodisperse "larger" core/shell particles. Above 45°C, the polymeric stabilizer collapsed towards the particle surface, 80 forming more "hard sphere"-like particles. This is most likely due to reduced polymer solvency as a result of disruption of hydrogen bonding at higher temperatures. As a result of insufficient steric stabilization on particle surface, the onset of particle aggregation was observed at temperatures beyond 60°C, as detected by DLS 85 (Figure 2b ). 
Centrifugal sedimentation
Effect of temperature
Two PC cells were each loaded with 400 μL of 5.0 vol% PEGMA-stabilized polystyrene particle dispersion. Both samples 5 were subjected to an identical speed ramping procedure in the LUMiSizer ® (1000 rpm for 8 hours to build the particle bed, and subsequently 500 rpm increments every 68 mins up to 4000 rpm): Sample 1 was run at 25°C and Sample 2 at 60°C. The sedimentation results for both samples are presented in Figure 3 . 10 Below the critical temperature (T c ) (i.e. at 45°C for the studied particles) (denoted by ×), the sedimentation profile at 25°C showed a gradual height reduction from 22.0 mm (initial uniform dispersion height) to 2.8 mm (packed bed height) within the first 2.5 hours. This sample profile then plateaued at 2.8 mm for the 15 remainder of the experiment, despite incremental increases in the centrifugal field. Above T c (denoted by +), the sedimentation profile at 60°C showed a dramatic height change of 15.6 mm in the first 40 mins to give a bed height of 6.4 mm. Subsequently, the sediment bed was compressed further by incremental 20 increases of the applied centrifugal field, to give a final packed bed height of 4.5 mm at 4000 rpm. These observations can be explained by the stability behavior of PEGMA-stabilized particles, as depicted schematically in Figure 4 . Below T c , the polystyrene particles are sterically stabilized by the presence of extended PEGMA stabilizers on the particle surface. Under this condition, as the centrifugal field is 35 applied, the individual particles gradually settle over time and are able to arrange into a very close packed bed (Figure 4a ). Subsequently, as the centrifugal field is increased over time, the particles, which are already in a strongly close packing arrangement, are prevented from further particle rearrangement. 40 Hence, any additional centrifugal force is unable to compress the particle bed further. In contrast, above T c , the solvency of PEGMA stabilizers is compromised, resulting in instability of the polystyrene particles and aggregation into larger structures (Figure 2b ). Under these conditions, the aggregated polystyrene 45 particles initially form a more open particle bed structure under the applied centrifugal field (Figure 3b ). These larger mass aggregates, when compared to stable individual particles, settle faster, leading to shorter sediment bed formation time, as seen in Figure 3 (Sample 2). Subsequently, as larger centrifugal forces 50 are applied to the particle bed, the initially more open structure allows the particles to rearrange under the applied force, resulting in a partial collapse of the structure and a compaction of the settled bed. Hence, a stepwise profile is obtained for the sediment bed height as a function of the applied centrifugal force, depicted 55 in the data for Sample 2 ( Figure 3) . The observed particle packing behavior with respect to applied centrifugal force is consistent with other research, 26,27,28 whereby stable particle dispersions form a pressure-insensitive packed bed while aggregated particles have pressure-dependent network. 
Effect of electrolyte addition
It has been shown previously via various techniques, including cloud point measurements, 29, 30, 31 be compromised by the addition of electrolyte. The addition of electrolyte has two effects on the PEG polymeric chains; firstly it disrupts the hydrogen bonding between the ether groups and water molecules and secondly it binds to the PEG thus screening the weak electrostatics induced by the ion-dipole interactions 5 around the oxygen atoms on the polymer chains. 35 Hence, when electrolyte, in this case potassium chloride (KCl), was added to the PEGMA-stabilized polystyrene particle dispersions, it was possible to detect the effect of KCl addition on the dispersion stability using the LUMiSizer ® measurements. The results for the 10 addition of KCl to the particle dispersions under conditions below and above the T c are illustrated in Figure 5 . Figure 5a depicts the effect of KCl on the stability of polystyrene particle dispersions at 25°C. It can be seen immediately that the addition of electrolyte induces particle 15 aggregation, as evidenced by the stepwise profiles and the substantial sedimentation within the first hour when compared to the system. Both effects can drive the formation of larger aggregates as the salt concentration is increased, which produces correspondingly less compact sediment beds. Ultimately, this is linked to an increase in the depth of the attractive interaction minimum with increasing electrolyte, affecting the particle 35 aggregation rate and size/density of aggregates formed. 7, 36 Further increases in the applied centrifugal field at increments of 500 rpm up to a final speed of 4000 rpm showed a characteristic collapse profile of the sediment beds with the degree of collapse for these beds increasing with increased 40 electrolyte concentrations (~1.8 mm at 1 mM KCl up tõ 5.4 mm at 1 M KCl). The more open bed structure at 1 M KCl clearly allows greater flexibility for the particles to rearrange and exclude the supernatant volume, hence leading to larger particle bed compression. This is in agreement with Florin et al. 29 and
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Anathapadmanabhan and Goddard, 30 who have previously demonstrated an enhanced phase separation of PEG chains from water/KCl system at high electrolyte concentrations. Interestingly, in Figure 5a , it was seen that the sedimentation behavior for particles dispersed in 10, 50 and 100 mM KCl 50 solutions were almost identical. This is perhaps indicative of the changes in two separate, but linked, interactions as the electrolyte concentration is increased. The PEGMA-stabilized colloidal particles are expected to have a short-range steric layer induced by the polymeric shell. They are also expected to have some 55 residual surface charge from the synthetic procedure, which will result in the formation of an electric double layer around the particles. The surface charge was found to be negative by electrophoretic mobility measurements, as shown in Figure 6 . Yamamoto reported similar negatively charged polystyrene 60 particles when the synthesis used AIBN in water, whereby the charge was attributed to the localized pi electron cloud of the benzene ring in the monomer. At low salt levels, the double layer may be expected to extend beyond the steric layer providing a strong additional stabilization mechanism for these particles. As the electrolyte level increases, the double layer extent will decrease. It is postulated here that 10 below 100 mM KCl, weak particle aggregation occurs within a secondary minimum, as the particles retain sufficient steric stabilization from the PEGMA chains. This is in agreement with the electrophoretic mobility measurements (Figure 6 ), which show an essentially zero value at 100 mM KCl and above. At 15 higher salt levels, the steric layer of the PEGMA shell is, in turn, strongly compromised. The polymeric chains are now increasingly dehydrated, resulting in the collapse of the polymer back to the particle surface. This creates a progressively deeper interaction minimum that induces further particle aggregation. 20 Figure 7 schematically summarizes the effect of electrolyte concentration on the stabilization mechanisms of the PEGMAstabilized polystyrene particles. Figure 5b gives a corresponding set of sedimentation profiles for PEGMA-stabilized polystyrene particles at similar electrolyte 25 concentrations, but now at the higher temperature of 60°C. Overall, the sedimentation behaviour at 60°C was similar to that seen at 25°C, with the exception that the dehydrated PEGMA chains, as a result of temperature elevation, had now compromised the steric stabilization of the particles. This resulted 30 in a greater degree of particle aggregation, leading to more voluminous particle beds for all electrolyte concentrations. These sedimentation data are in agreement with DLS size measurements (Figure 8 ), which were measured as a function of temperature and KCl concentration. Under a salt-free condition, the PEGMA- 35 stabilized particles were stable below T c with a measured size of 880 nm. These particles subsequently showed shrinkage in the polymeric shell to~820 nm at 60°C. These data, previously given in Figure 2b , form the baseline here for the data with added electrolyte. In 10 and 100 mM KCl solutions, the sizing results 40 were similar, with some indication of particle aggregation at higher temperatures. In 1 M KCl, the particles aggregated significantly to sizes of over 1 μm for temperatures beyond 40°C. It is worth pointing out that the extent of particle aggregation seen in DLS measurements will be limited due to the 45 measurements being made at dilute particle concentration of 0.02 vol%, as opposed to LUMiSizer ® sedimentation experiments at 5 vol%. 
Compressive yield stress data
According to Buscall and White, 15 the application of an external force onto the particle bed causes the bed to compress to a new 55 equilibrium height, where the particle bed acquires adequate strength to balance the applied force. During this process, the particles rearrange into a closer packed structure and the liquid is squeezed from the interstices forming a stronger particle network. The particle network strength can be characterized by the 60 compressive yield stress, P y (ø), and typically this is dependent on the shear history during aggregation, the strength of inter-particle interaction forces and the local volume concentration of particles. 9, 15 For this work, the particle dispersions were treated identically, whereby KCl solutions of desired concentration were 65 added to a particle dispersion, shaken for 30 seconds and then pipetted into the LUMiSizer ® cell. Hence, the effect of shear history on P y (ø) was negligible.
At equilibrium, P y (ø eq )
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As observed from Figure 5 , the aggregated sediment beds, in increasing KCl concentrations, exhibited different compression responses despite being subjected to identical centrifugal forces. This is also illustrated in Figure 9 , which plots the equilibrium sediment height, H eq , at each applied centrifugal force, g, for both 25 and 60°C. In Figure 9a , with no added KCl at 25°C, H eq remained constant irrespective of the applied acceleration, 5 indicating a close-packed bed of stable particles had been formed. With increasing electrolyte concentration, the H eq data followed a natural logarithmic fitting (0.95 < R 2 value < 0.97, data shown in Supplementary Information -S2,) with H eq decreasing rapidly at low acceleration and eventually reaching a plateau at high 10 acceleration values. An increased in KCl concentration led to more voluminous sediment beds with a correspondingly larger compressive behavior. At 60°C (Figure 9b) , the change in H eq also follows a natural logarithmic fitting for all experimental conditions (data shown in Supplementary Information -S2 ). Due 15 to the high temperature, the steric stabilizing shell was compromised; this resulted in particle aggregation and thus changes to the sediment height, even in the case of no added electrolyte.
The equilibrium volume fraction of particles, ø eq , and 20 compressive yield stress, P y (ø eq ), at each centrifugation stage can be determined using Figure 9 together with Equations 2 and 3. 15, 16 Figure 10 presents the compressibility of the particle networks, as a plot of P y (ø eq ) with the corresponding ø eq , as a function of electrolyte concentration for both temperatures 25 (symbols representing the experimental datasets, dashed lines are power-law fits). From Figure 10a , it is observed that, at 25°C, for a low electrolyte concentration (i.e. 1 mM KCl), the particle network initially formed the most densely packed bed at low pressures and experienced a much smaller overall compression at , at equilibrium as determined by mean value approximation for 5 vol% PEGMA-stabilized polystyrene particle dispersion at varying electrolyte concentrations for (a) 25°C and (b) 60°C (Legend applicable for both graphs; Symbol -dataset at respective KCl concentration; Dashed line -corresponding power-law fit; Schematics -'sterically repulsive' solvated shell structure at 25°C and 'sterically-attractive' collapsed polymers at 60°C) (Please note that there are no diamond symbols in Fig. 10(a) as compressive yield stress can only be determined for unstable 5 dispersions and this is not applicable to stable PEGMA-stabilized polystyrene particles at 25°C with no added salt.) higher pressures. With an increase in electrolyte concentration, the particle networks generally exhibited an increased level of compression under the applied force. This is the result of larger aggregates being formed at higher KCl concentrations (detected 10 by DLS at 25°C in Figure 8 ), thus giving correspondingly less dense particle beds initially. However, presumably due to the presence of a 'soft, flexible' steric polymer shell at 25°C, the applied centrifugal force was able to compress the particle beds to almost an identical volume fraction under maximum centrifugal 15 field (~2325 ×g) (for 10 mM to 1 M KCl). It is worth pointing out that for Figure 10 , the ø eq corresponds to the volume fraction of particles at the bottom of the cell. This will be different from the volume fraction of particles at the sediment/supernatant interface as the applied centrifugal force is a function of distance 20 from the centrifuge center (i.e. axis of rotation).
The general form of the compressibility data at 60°C (Figure 10b ) is similar to that at 25°C, with the particle networks formed at lower electrolyte concentrations exhibiting initially higher packing density at low compressions. In this case, 25 however, the absolute degree of compressibility at different electrolyte concentrations is not seen to change significantly as the electrolyte concentration rises. This is attributed to the generally stronger inter-particle interactions at all electrolyte concentrations, when compared with those at the lower 30 temperature, a result of the collapse of the stabilizing steric layer at 60°C (above the critical temperature, T c ). In addition to van der Waals attraction, it has been proposed that the poorly soluble polymeric stabilizers on the particle surface induce an additional 'hydrophobic' attraction. The 'hydrophobic' attraction was first 35 presented by Klein, 38, 39 who observed the presence of an attractive force in a poor organic solvent for two approaching polymeric coated surfaces. This observation was also seen recently by the Franks group 40 during their temperature investigation of the hydrophilic/hydrophobic nature of poly(N-40 isopropylacrylamide) (PNIPAM) in order to manipulate interparticle interactions. The van der Waals forces and longer range (up to 50 nm) 'hydrophobic' attractions allow for stronger adhesion bonds between the particle-particle contacts. This renders them difficult to be broken for particle rearrangement and 45 bed compaction to occur even though the degree of compression is increased. Hence, the particle networks, at all electrolyte concentrations, are better able to withstand the applied centrifugal field.
At temperatures below T c (i.e. at 25°C), these PEGMA-50 stabilized polystyrene particles possess a 'sterically-repulsive' solvated shell that allows the compression of the polymeric shell when the system is under high compression. While at temperatures above T c (i.e. at 60°C), the particles have an 'attractive' collapsed polymer layer on the particle surface with 55 strong inter-particle attractions that do not allow for further compressions. The particle structures at both temperatures are schematically represented in the respective insets to Figure 10 .
At initial condition, P y (ø 0 )
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The role of the steric polymer layer is further supported by the analysis of the compressive yield stress data at initial conditions, P y (ø 0 ), shown in Figure 11 . Please note that the initial conditions in this work represent the starting uniform volume fraction for the particle dispersions just before sedimentation takes place. For this with good stability. Hence, larger pressure, or an equivalently longer centrifugal duration, is necessary to force the particles into closer contact, translating to a greater compressive yield stress at initial condition. With increasing electrolyte concentrations, the 10 PEGMA shell is gradually compromised due to poor solvency of the polymers. Under these conditions, the electro-steric repulsion between the polystyrene particles is weakened, allowing the particles to approach one another more easily. This means a smaller compression force is required, leading to a smaller initial 15 compressive yield stress, P y (ø 0 ). Above T c , the PEGMA polymers are dehydrated due to disruption in hydrogen bonding between the polymers and water molecules. This thus compromises the steric stabilization layer, whereby under these conditions, the inter-particle interactions are dominated by attractive forces (i.e. 20 van der Waals and 'hydrophobic' attractions), which are effective when the particles are close enough to each other. Therefore, the particles are able to approach each other easily, giving a more consistent compressive yield stress, P y (ø o ). The force required to bring the particles close together should be identical for all 25 electrolyte concentrations under high temperatures. The observed trend for P y (ø o ) is consistent to the sedimentation behavior in Figure 5 during the particle bed preparation at 1000 rpm (i.e. within the first 8 hours). It is worth pointing out that P y (ø o ), is an indicator for the sedimentation behavior of the colloidal 30 dispersions. This takes into account the hindered settling effect, which is dependent on the hydrodynamic drag and total volume fraction of the particle dispersion. It does not represent the particle network strength for sedimented beds as this is also governed by the shear history during aggregation, strength of 35 inter-particle interaction forces and local volume concentration of particles.
Average packing density of particle beds, ø m
An alternative method to characterize the overall compression of 40 the particle networks is from the average packing density of the particle bed for a given applied pressure. In Figure 12 , the average packing density, ø m , against the excess pressure at the bottom of the particle bed, P b , is given. These data confirm the sediment densification observations from Figure 5 for the 45 different electrolyte concentrations, at both 25 and 60°C. The average packing density, ø m , and the excess pressure at the bottom of the bed, P b , are calculated according to Equations 4 and 5 respectively.
Where m s is the mass of particles in sediment, ρ s is the density of 55 particles, V is the sediment volume deduced from the position of sediment/supernatant interface, ∆ρ is the density difference between particle and liquid, L is the radial distance from centrifuge center to bottom of bed, A is the cross-sectional area of sediment at bottom of bed and ω is the angular velocity.
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For stable particles with no added electrolyte at 25°C (Figure 12a , diamond symbols), the dispersion exhibits a dense packing at low pressure with minimal compression at higher pressures. These data also show how the aggregated dispersions, due to the presence of electrolyte, initially reach a low packing 65 density before gradually being consolidated by up to 110% at higher pressures. Similar consolidation behaviour is also observed for the aggregated particles at 60°C (Figure 12b ), but with a smaller degree of bed compression (~39%) due to the stronger attraction forces, and thus adhesion bonding at the 70 particle-particle contacts at 60°C. The average packing density, ø m , calculation ( Figure 12 ) is found to be complimentary to the equilibrium volume fraction of particles, ø eq , (Figure 11 ), particularly at low centrifugal fields for 25°C and for all centrifugal fields at 60°C. This supports the compressive 75 rheology behaviour for PEGMA-stabilized polystyrene particles in varying electrolyte concentrations for both temperatures below and above T c . It is worth pointing out that Equation 4 refers to the average packing density of hard particles. Thus, this does not truly describe the average packing density for sterically-stabilized 80 particles in Figure 12a , particularly when the PEGMA shells are fully extended. The total volume (i.e. particle core + extended polymeric shell) should be considered in the determination of average packing density for sterically-stabilised particles. The trend in Figure 12a remains valid as the effect of shell volume 85 diminishes with increasing electrolyte concentration. Based on numerical calculations, which accounts for shell volume contribution, the average packing density for this configuration of stable PEGMA-stabilized polystyrene particles at 25°C with no added electrolyte is found to be~52%. This is equivalent to 
Conclusions
An analytical centrifugation technique was used to investigate the 5 sedimentation behaviour of sterically-stabilized temperaturesensitive colloidal particles, in this case methoxy poly(ethylene glycol) methacrylate (PEGMA)-stabilized polystyrene (PS) particles. The colloidal stability of PEGMA-PS particles was investigated as a function of temperature and electrolyte 10 concentration. Two types of sedimentation profiles were obtained; (i) smooth constant profile which remained unchanged with increasing centrifugal force for stable particle dispersions and (ii) stepwise profile which compressed with increasing force for aggregated dispersions. The sedimentation profiles showed 15 the extent of particle aggregation as a function of electrolyte concentration, with more prominent effect at higher temperatures due to dehydration of PEGMA polymeric chains at 60°C, which induced greater instability in the PEGMA-PS particle dispersion. Upon formation of sediment beds, the equilibrium compressive 20 yield stress, P y (ø eq ), showed a power-law dependency on the volume fraction of particles, with denser particle bed required to withstand the same centrifugal force when the particle network is formed at low electrolyte concentrations. This was due to larger aggregates and stronger inter-particle interactions at higher 25 electrolyte concentrations, thus forming more voluminous particle networks. It was also observed that the conformation of the polymeric shell layer, which determined the particle structure (i.e. 'sterically-repulsive' solvated polymeric shell or 'stericallyattractive' collapsed shell), affected the bed compressibility. In 30 this case, PEGMA, with MW~2080 g/mol, showed a decrease in polymer extension around 45°C, denoted as the critical temperature, T c , for this work. Below T c , the flexible solvated shell allowed further compression of the particle bed that eventually led to a fixed value for the final volume fraction of 35 particles at the bottom of the bed. Meanwhile, above T c , the strong inter-particle attractions and thus adhesion bonds at particle-particle contacts, as a result of the collapse of stabilizing shell layer at higher temperatures, prevented further bed compression. 40 This particle structure observation was also in agreement with the initial compressive yield stresses, P y (ø 0 ), for the particle networks, which revealed differences in particle network strength at different dispersion conditions. Below T c , for a uniform dispersion, P y (ø 0 ) highlighted a dependence on the inter-particle 45 interactions of the steric stabilization layer, with greater compression pressure required at low electrolyte conditions. Above T c , constant P y (ø 0 ) was obtained across electrolyte concentrations for the 'attractive' particles that prefer to be in close proximity to each other. Hence, for a given electrolyte 50 concentration, a corresponding volume fraction of particles was able to withstand the same applied centrifugal field. The sedimentation profiles and compressibility behaviour of the particle beds were also in agreement with the average packing density results. Critical temperature u 0 Sedimentation rate of an isolated particle V Sediment volume deduced from position of
